Neuropsychiatric symptoms seen in Alzheimer's disease (AD) are not simply a consequence of neurodegeneration, but probably result from differential neurotransmitter alterations, which some patients are more at risk of than others. Therefore, the hypothesis of this study is that an imbalance between the cholinergic and serotonergic systems is related to cognitive symptoms and psychological syndromes of dementia (BPSD) in patients with AD. Cholinergic and serotonergic functions were assessed in post-mortem frontal and temporal cortex from 22 AD patients who had been prospectively assessed with the Mini-Mental State examination (MMSE) for cognitive impairment and with the Present Behavioral Examination (PBE) for BPSD including aggressive behavior, overactivity, depression and psychosis. Not only cholinergic deficits, but also the cholinacetyltransferase/serotonin ratio significantly correlated with final MMSE score both in frontal and temporal cortex. In addition, decreases in cholinergic function correlated with the aggressive behavior factor, supporting a dual role for the cholinergic system in cognitive and non-cognitive disturbances associated to AD. The serotonergic system showed a significant correlation with overactivity and psychosis. The ratio of serotonin to acetylcholinesterase levels was also correlated with the psychotic factor at least in women. It is concluded that an imbalance between cholinergic-serotonergic systems may be responsible for the cognitive impairment associated to AD. Moreover, the major findings of this study are the relationships between neurochemical markers of both cholinergic and serotonergic systems and non-cognitive behavioral disturbances in patients with dementia.
Introduction
Disruption of basal forebrain cholinergic pathways and consequent cortical cholinergic denervation is one of the hallmarks of Alzheimer's disease (AD), together with histopathological changes such as neurofibrillary tangles and senile plaques. This cholinergic dysfunction in AD has been largely related to cognitive disturbances (Francis, Palmer, Snape, & Wilcock, 1999; Perry, Walker, Grace, & Perry, 1999) . Besides cognitive symptoms, most patients with AD suffer from be-havioral and psychological syndromes of dementia (BPSD; IPA, 1996) , such as aggressive behavior, overactivity, depression or psychosis (Hope, Keene, Fairburn, McShane, & Jacoby, 1997) which are a major contributory factor to early institutionalisation of the patients (Levy, Cummings, & Kahn-Rose, 1999) . Traditional treatments for BPSD are antipsychotic medications, benzodiazepines or anticonvulsant medications, which are not devoid of serious adverse effects, particularly in the elderly (Byerly et al., 2001) . It is therefore important to understand the neurochemical basis of BPSD to allow the development of rational therapeutic approaches. In this sense, observations in which cholinergic replacement therapies resulted in behavioral improvements,
